Evidence is presented which suggests that after a period of adsorption of 80 min. the herpes virus which could not be removed from HeLa cells by repeated washing existed in four fractions : E'raction A, about 68 %, which became non-infecfive and insusceptible to antiserum over the next 2 hr.; fraction B, about 16 %, which remained sumptible to antiserum and infective for up to 6 hr. after adsorption ; fraction C, about 2%, which remained infective and insusceptible to antiserum for at least 6 hr. after adsorption; fraction D, about 18 %, which became non-infective and inAusceptible to antiserum during the adsorption period. Replication occurred from fractions A and D. Inactivation and the development of insusceptibility to a n t i s e m occurred very close together in time, possibly simultaneously. Incubation of infected cells in the presence of antiserum lowered the yield of virus obtained after 48 hr. incubation; this could not be explained simply by prevention of secondary infection through the medium.
The dilution tube of the EDTA series f b m which samples had been taken for titration was incubated for 60 min. a t 87O and then re-titrated. Table I shows that there was no signiiicant difference between the counts. The HeLa cells suspended in 2 ml. EDTA solution were placed in a 50 mm. diam. Petri dish and disintegrated by 1 min. treatment with a Mullard 50 W. ultrasonic drill, using a 1 : 1 ratio chromium-plated stub vibrating at 20,000 cyc./sec. Nuclear counts showed this method of disintegration to be very effective ( Table 2 ). The nuclei remaining after 1 min. disintegration were severely damaged and stripped of cytoplasm. Counts were not performed on eells disintegrated in EDTA solution, but examination of wet films showed a decrease of the same order in the number of nuclei.
The disintegrated material from a single monolayer was either titrated a t once or mixed with an equal volume of skinamed milk and held at -20' after rapid freezing to await titration not more than 1 week later. Storage of virus under these con&€hns caused very little decrease in titre, even after storage for 8 months. U l~o n i c treatment under these conditions had no effect on the virus, as shown by the following experiment.
Stock virus was diIuted so that 2 ml. contained about 4-0 x lo2 IU. This volume of virus suspension was placed in a 50mm. Petri dish and subjected to ultrasonic treatment for 2min. The suspension was titrated on Titration of virzcs. Infectivity was titrated on 18-day CAM's as described in the preceding paper.
RE23ULTS

Adsorption
Attempts were made at first to measure the amount of virus adsorbed to monolayers in 50 mm. Petri dishes by titrating the virus lost from an inoculum of 4 mI. at intervals after addition. In these experiments the inoculum consisted of stock Virus diluted 1/10 in Hanks's saline, giving a virus suspension in 5 % (v/v) skimmed milk. Virus was found to be as stable in this mixture as in 5 % HSH. Table 8 shows that there was no significant decrease in the titre of the inoculum. 
-
The failure to find a significant decrease in the titre of the inoculum in these experiments was perhaps not surprising in view of the much greater depth of the inoculum here (about 2 mm.) than on the CAM in the experiments in the preceding paper (Watkins, 1960) , where it was of the order of 0.2 mm. Since most of the experiments on adsorption described here were done before the experiments on CAM had indicate$ that virus might be very rapidly inactivated upon adsorption, it seemed reasonable to study only the virus which could be recovered from monolayers by ultrasonic treatment after adsorption and vigorous washing. In the present paper ' adsorbed virus ' refers throughout to virus recovered in this way. Any virus which may have been adsorbed and have become rapidly inactivated, as seems to happen in CAM cells, does not enter directly into *the experiments. There is some reason for thinking, as will be shown later, that virus recovered from HeLa cells in fact represents the greater part of the virus which has adsorbed, so that the fate of virus attached to HeLa cells may differ from its fate in CAM ectoderm.
The experiments on recovery of virus after different adsorption periods ( after infedion of monolayers in 25 ml. fiat bottles, with 2 ml. inocula, gave substantially the same results. Adsorption was carried out at 8 7 ' . Before titration the inoculum was pipetted off and the monolayers were washed three timis with 5 ml. 5 % HSH. Two ml. 5 % HSH were then placed in the dishes and the cells were disintegrated as described. The amounts recovered after adsorption for 60 min. were 8.8-6.7 yo of the inoculum, mean value of 4-8 yo.
The proportion recovered increased with time. Table 5 shows that the amount of adsorbed virus p e c o v d in this way was not changed by repeated washing. Four monolayers zweivd the inoculum, which was dowed to adsorb €or 80min. at 8 7 ' . Individual monolayers were then washed, respectively, 2,6,8 or 10 times with 5 ml. 45 HSH, disinteg;rated and titrated on 8 CAM's/ monolayer. Even after 10 washings there was no significant decrease in the amount of recovered virus. To estimate the variation in recoverable virus, 5 monolayers were exposed to the same inoculum of virus in Petri dishes under exactly the same conditions. After adsorption for 80 min. the monolayers were washed three times and recoverable Virus titrated in the standard manner on 8 CAM's/dish. The mean amount recovered/dish was 4240 IU; the standard error of the mean was 2M. The 95% fiducid limits on 4 d e p e s of M o m (t = 2.78) were 8600-41880 ( =E mean f 15 yo). As a simple working rule, therefore, the virus recovered h r n two similar dishes which had been infected and assayed in the same way would be most unlikely to differ by chance by more than 80 %.
All the studies of herpes virus infection described in this paper were made on the firmly bound virus which could be r e l e a d by ultrasonic treatment.
In the experiments on the CAM (Watkins ISM), where virus recovery was attempted by freezing and grinding, only c. 0-1 yo of the inoculum was recovered from washed CAM's at the end of an adsorption period of 60 min.;
8*&6*7 yo of the inoculum, however, was recovered from HeLa cells after the same period. In other words, 80-60 times more of the inoculum was recovered from HeLa cells than from CAM. The question arises whether this was due to a more efficient method of recovery from HeLa cells than from CAM, or to a difference in the behaviour of virus adsorbed to the two kinds of cell. Evidence has been given in the preceding paper (Watkins, 1960) that the low recovery from CAM's was due to inactivation of virus. Other considerations, which follow, suggest that the situation is different in the two types of cell. (a) Ultrasonic treatment of infected CAM failed to increase the amount of virus recovered.
-(b) The greater depth of inoculum on HeLa cells would cause less virus to be adsorbed to them than to CAM ectoderm in a similar period. Furthemore, no significant decrease in the inoculum comparable to that found in CAM was found in HeLa cells, which suggests that in any case not more than 80 % of the inoculum could have adsbrbed.
(c) Virus recovered fro^ HeLa cells increased during the adsorption period while, in an analogous experiment in CAM, recoverable virus showed a slight decrease.
(d) Virus recovered from CAM's a t intervals after adsorption showed little tendency to decrease in amount, while that recovered from HeLa cells, as shown later, decreased by up to 90 % in 2 hr. Table 9 (discussed in detail later) it will be seen that the ratio of virus recovered a f k 48hr. incubation at 37' of infected washed HeLa cells to the amount recovered from similar monolayers at the end of adsorption has a mean value of 21.7; this is of the same order as the value found by Wildy, Stoker & Ross (1959) for the amount of virus released after incubation for 88 hr, by a single infected HeLa cell. This supports the assumption that most of the adsorbed infective virus gave rise to new virus.
(e) In
On balance it seems safe to assume that infective virus recovered from HeLa cells after adsorption represents most of the virus which has beem adsorbed. The interpretation that inactivation of virus adsorbed to HeLa &ells was slower than that of virus adsorbed to C A M depends, therefore, on the correctness of the conclusions reached in the preceding paper (Watkins, 1960) .
Eflect of HeLa cell disiidegrate 012 infectivity
To determine whether the products of ultrasonic disintegration of HeLa cells would inactivate virus the following experiment was performed. HeLa cells (1.5 x 107) were washed once in Hanks's saline and suspended in 5 ml. of l/ZW dilution of skimmed milk in Hanks's saline (in which virus was known to he quite stable for 1 hr. at 87'). The HeLa cells were disintegrated and the s v b n cenW@ at 408 for 10 min. to remove any cells which might not have been disintegrated; there was then ILO d e p i t visible to the naked eye.
Stock virus was diluted to 10" in the supmatant fluid and slso in lf2W dilution s -mailk in Hanks's saline. The latter suspension was &r&ed at once; bothmspnsions were titrated again after standing at $ 7 ' €or $io min. As in the CAM, dbhtqpted cell material did not decrease the infectivity of herpes virus.
IWiv&dore o f b n d v i m
After infection of monolayers of HeLa cells by a 80 inin. .adsorption period as described, the monolayers were washed three times and then covered with 4 ml. fresh medium. The virus content of the monolayers was assayed after different'interya;ls of incubation a t 37O. In five experiments (Table 6) a considerable decrease in the amount of recoverable virus was observed, in that case it was much l a than the decrease in virus attached to cells. In two of the experiments which continued for 6 hr. there was no further decrease after 2 hr.; in another the decrease at 2 hr. was less marked, but virus continued to decrease in titre over the next 4 hr.
Efleci o$ immum s m m m b d z.rizcs
HeLa cells were infected, as described, with an adsorption period of 60 min.
After the monolayers had been washed three times with 5 mL 5 yo HSH, 5 ml. medium were added, and then 0.2 ml. hyperimmune rabbit herpes anti-IP: 54.70.40.11
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Herpes virus in HeLa cells 68 serum was added to the medium a t intervals after adsorption. The antiserum was allowed to act for €5 min.; then the monolayers were washed three times and assayed for recoverable virus. Control experiments provided no evidence that antibody was adsorbed to HeLa cell mo@olayers in such a way that it might be released by ultrasonic treatment and so neutralize the recovered virus. In another control experiment n o d serum from two rabbits and serum from a rabbit which had been immunized by 5 weekly intravenous injections of 106 live HeLa cells, had no effect on bound virus. indicate that the insusceptible virus was less firmly attached than was the susceptible virus (compape Table 5 ) ; this point was not further hvestigated.
The small amount of 'insusceptible ' virus may represent a s d proportion of attached virus which oombines very fmbly with antibody, so that the union is broken once and for all by one or two washes, but since it remained fairly constant ( Table 8 ) while 80% of the total bound vinls was inmtivated this explanation s&ms unlikely. At the end of the adsorption period, therefore, bound infective virus can be divided into three fractions. Fraction A: between 52 and 98% of the total (mean 80%) was susceptible to a n t i s e m a t the end of adsorption and lost its infectivity during the next 2 hr. of incubation a t 87" (Table 6 ).
Fraction B: between 6.2 and 418 yo (mean 20.2 yo), remained susceptible to antiserum for a t least 6 hr. after adsorption, but did not lose an appreciable amount of its infectivity ( Table 6 ). Fraction C: between 040 and 4.0 % (mean 2.4 yo), which &o retained most of its infectivity up to 6 hr. after adsorption, was insusceptible to antiserum throughout ( Table 7) . Part of this fraction probably corresponds to the 'EDTA fraction' of Stoker & Ross (1958).
Detemlraatim of fractioa of v i m irmdved in replication
It was next necessary to decide which of the three fractions was responsible for the production of new virus. It was considered that if fraction A were responsible then by the time it was inactivated (2 hr. after adsorption) some or all of it would have become insusceptible to antiserum. Incubation for 48 hr. of infmted monolayers in the presence of antiserum added 2 hr. after adsorption should therdore, if the hypothesis were correct, give a greater yield of virus than incubation following addition of antiserum immediately after adsorption. Fraction B was susceptible to antiserum throughout the first 6 hr. of incubation and would therefore not be involved in replication in the presence of antiserum. Fraction C showed very little decrease, and certainly no increase, in the 2 hr. after adsorption, so that if this were the fraction wholly mponsible for production of new virus, the time of addition of a n t i s e m should have no effect upon the size of the 48 hr. yield. If none of these three fractions were responsible for new virus, i.e. if new virus mose from virus which had entered the cells and lost infectivity during the adsorption period, then the time of addition of antiserum should have no effect on the 48 hr. yield.
The relationship of the 48hr. yield to the amount of virus capable of replicating (fertile v h s ) was determined as follows. Monolayers were inoculated in the usual way with tenfold increasing dilutions of stock virus which were allowed to adsorb for 80 min. at 87'. After three washings with in HeLa cell monolayers (2 experiments).
Fig. 1.
Relationship between 48 hr. yield and size of inoculum ofJherpes simplex virus 5 ml, 5 yo HSH the infected monolayers were covered with 3 ml. medium and incubated for 48 hr.; after this they were again washed three times, disintegrated and titrated. Figure 1 shows a linear relationship (with slope = 1) between log,, (yield) and log,, (dilution of inoculum) in two experiments. Experiments not reported here showed a linear regression of pock counts on the C A M against dilution of virus, so that the number of infective units in tlre inoculum was proportional to the dilution of the inoculum. Figure 2 shows the result of plotting loglo IU in inoculum against log,, IU adsorbed in 80 min., using data from twelve determinations of these quantities in different experiments. All the points lie reasonably close to a straight line (whole slope = 1) so that adsorbed IU was proportional to inoculated IU. For a multiplicity of infection of less than one the proportion of infective virus/cell complexes which w i l l be fertile may be assumed constant, if every cell-virus complex is J . F., W d w independent and monolayers a m prodwed under standard conditions. In these experiments the monolayem were made to contain more than 10* US, and the greatest amount of recoverable ViFUsl was 2-0 x 106, so that if adsorbed virus be assumed to be distributed among the cells according to the l?oisson distribution, in the extreme case quoted less than 9 % of th cells were infected with 2 or more IU. The proportion of Viruslcell complexes containing 2 or more IU which will be fd might be expected to be greater than the PropoFtion in complexes containing one IU. If the latter p m p~o n is C. 100% the small number of virus/cell complexes containing 2 or more IU makes very little difference to the validity of the assumption. Also, if fertility of the complex is determined by the cell only, the proportion of fertile complexes is independent of multiplicity, provided that one infectious unit does not interfere with another. Therefore: 48 hrr yield = a x virus in inoculum = b x adsorbed virus = c Thedore: f e e virus = K x 48 hr. yield, K being a constant for the system.
Two khds'of experiment were designed to decide the issue. In both experiments monolayers were prepared, infected and washed as usual, after an sdscrrp.ton period of 8 O m i n . One monolayer wm disintegrated a t once to provide a d u e for adsorbed recoverable virus and one was incubated for 48 hr. in 5 d. medium to give the yield h m cells not treated with antiserum. In the f h t type of experiment 5 ml. medium were placed on the remaining monolayers and 0.8mi. volumes of undiluted antiserum were added a t intervals after adsorption. The treated monolayers were then incubated Without removing antiserum for 48 hr. a t 87'; after this they were washed three times With 5 ml. 5 yo HSH, taken up in EDTA solution, disintegrated and tihted. The second type of experiment was performed in exactly the same way, except that the antiserum was removed after acting for 15min., xfertile virus (a, b, and c being constants).
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Herpes v i m in HeAa cells the monolayers were washed three times, and 5 ml. fresh medium was addd for incubation. The results aze given in Table 9 in the form of the ratios 4 (48 hr. yield in untreated monolayers : adsorbed virus) and R, (48 hr. yield h a monolayers treated with antiserum at various intervals: adsorbed virus), and the percentage (B&)xlOO (calculated only for the means of & and I&) .
The latter percentage, on the basis that yield is proportional to fertile virus, gives the percentage of total fertile virus which had become insusceptible to antismum at various times. There are several interesting points. (a) In both types of experiment the value of R, at 2 hr. was much greater than at 0 min. In one case it was 9 times as great, and in the other 8 times. (b) In the first type of experiment the 0 min. value of (RBI& x 100) was 0.8, and although it i n d during incubation it was only 25.5 after 6 hr.; thus it did not reach Table 9 . Effect on yields w h alztismm was added at intervals the theoretical maximum value of 100. On the other hand, in the second type of experiment, in which antiserum was removed, the 0 Ilain. value was 22.4 and the maximum value had been reached by 2 hr. Both results mpport the hypothesis that fraction A was giving rise to new virus, and therefore that eclipse of infectivity was a part of the growth cycle of herpes virus, since both results showed that the amount of fertile Virus insusceptible to antiserum i n d during the first 2 hr. The second set of results shows that all the fertile virus had escaped in 2 hr. The possible reasons for the differences between the two results w i l l be discussed later. (c) The second type of experiment probably gives a truer picture of ments than the first. In this case thp fractions which presumably cornspond are set out adjacently. The values aze quite close, especially when it is considered that the adsorption period in the exgeriment of Stoker & Ross was one hour. Since their studies were made on infected HeLa cells treated with antioerum it seems probable that growth in their cells occurred from fraction D, which corroborates the conclueions they reached concerning the eclipse of herpes virus. (a) , above) was that incubation for 48 hr. in the presence of a n t i s e m prek&ed secondary infection of cells by virus released into the medium during the first and subsequent growth cycles. The relationship of escape from antiserum to inactivation Fraction C did not increase during the 2 hr. after adsorption when fertile virus was becoming insusceptible to antiserum (Table 7, Expts. 71 and 78) , but showed, if anything, a decrease. There is therefore no evidence that virus was accumulating in a serum-insusceptible state before it lost its infectivity. That is to say, inactivation of fraction A occurred either at the same rate+ or at a more rapid rate, than development of insusceptibility to antiserum. If the second possibility were c o m t the situation would be analogous to that in C A M ectoderm infected with herpes virus, where virus lost its infectivity before becoming insusceptible.
A measure of the rate of development of insusceptibility was obtained from the rate of increase of 48 hr. yield when antiserum was added to i&ected monolayers at increasing intervals after adsorption. This was compared with the rate of inactivation in two experiments. Ten monolayers were infected as usual by adsorption for 80 min. After three washings fresh medium was p l d on the cells which were incubated at 87". One monolayer was disintegrated and m y e d every manin. during 2 hr., starting at 0 min. after adsorption.
At the same intervals other monolayers were treated by addition of 0.2 ml. . tern of virus replication was the same, in that new virus developed from the fractions which had lost their infectivity at or near the surface of the cells.
In studies on influenza virus infection of chorio-allantoic membrane Ackermann, Ishida & Msassab (1955) and Ishida & Ackemann (1956) found evidence that the adsorbed virus existed as 'Bound Infectious Virus' (BIV), and 'Initiating activity' (IA). BIV probably corresponds to fractions B and C in my experiments, and IA to fractions A and D. These workers also found that the initial cell-virus complex formed at 4' became non-infective but was still sensitive to immune serum; a t 87' the complex became steadily insusceptible. These findings are very similar to those reported here for herpes virus in that this virus formed a stable complex with the cell at 87" and then became insusceptible to antiserum as it lost its infectivity.
The experiments in HeLa cells and CAM show that, after adsorption of herpes virus, viral antigens can combine with antibody and prevent infection. Two points require further examination. First, does union of attached virus with antibody prevent entry into the cell, or does the antibody prevent some intracellular reaction leading to replication? Secondly, are the chemical groupings on the virus surface which are presumably responsible for firm binding identical with the antigens which combine with antibody after adsorption to produce neutralization? If they are not identical, but are antigenic, would their combination with the appropriate antibody lead to neutralization? In other words, does 'neutralizing antiserum' contain more than one kind of neutralizing antibody?
